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(S) Novel transition metal compound, olefin polymerization catalyst component comprising the 
transition metal compound, olefin polymerization catalyst comprising the olefin polymerization 
catalyst component, and process for olefin polymerization. 

(57) Disclosed is a transition metal compound represented by the following formula : 
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wherein M is a transition metal, X is halogen or the like, R 1 is a hydrocarbon group or the like, R 2 is an 
aryl group substituted with a halogenated hydrocarbon group, and Y is a divalent silicon-containing 
group or the like. 
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Also disclosed are an olefin polymerization catalyst component comprising the transition metal 
compound, an olefin polymerization catalyst comprising the olefin polymerization catalyst component, 
and a process for olefin polymerization using the olefin polymerization catalyst. 

An olefin polymerization catalyst component having high polymerization activity can be formed from 
the transition metal compound. By the use of the olefin polymerization catalyst or the process for olefin 
polymerization, polyolefins having a high melting point and a high molecular weight can be prepared 
with high polymerization activity. 
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FIELD OF THE INVENTION 

The present invention relates to a novel transition metal compound, an olefin polymerization catalyst com- 
ponent comprising the transition metal compound, an olefin polymerization catalyst containing the olefin poly- 
5 merization catalyst component and a process for olefin polymerization using the olefin polymerization catalyst. 

BACKGROUND OF THE INVENTION 

The "Kaminsky catalyst" is well known as a homogeneous catalyst system for olefin polymerization. This 
10 catalyst has an extremely high polymerization activity, and provides a polymer having a narrow molecular 
weight distribution. 

Of the transition metal compounds used for the Kaminsky catalyst, for example, ethylenebis(indenyl)zir- 
conium dichloride and ethylenebis(4,5,6,7-tetrahydroindenyl)zirconium dichloride has been known to be used 
for producing isotactic polyolefins, as described in Japanese Patent Laid-Open Publication No. 130314/1986. 

15 However, polyolefins prepared by the use of such catalyst generally have a low stereoregularity and a low mo- 
lecular weight. If low temperatures are used, polymers having a high stereoregularity or a high molecular weight 
can be obtained, but a problem of low polymerization activity is involved. 

It has been known that use of hafnium compounds in place of the zirconium compounds makes it possible 
to prepare high molecular polymers, as described in Journal of Molecular Catalysis, 56 (1989), pp. 237-247, 

20 but this process involves a problem of low polymerization activity. Further, compounds such as dimethylsilylbis- 
substituted cyclopentadienylzirconium dichloride have also been known from Japanese Patent Laid-Open Pub- 
lication No. 130704/1989 and Polymer Preprints, Japan, vol. 39, No. 6, pp. 1,614-1616 (1990), but there is a 
problem in that they do not satisfy ail of the high polymerization activity, and the high melting point and mo- 
lecular weight at the same time. 

25 Japanese Patent Laid-Open Publication No. 268307/1992 describes an olefin polymerization catalyst 

formed from a metallocene compound represented by the following formula 



ZrCl 2 



30 




SiMc2 

35 

and an aluminoxane. 

Further, EP 0 530 648 A1 describes another olefin polymerization catalyst formed from a metallocene com- 
pound represented by the following formula 

40 



ZrCl 2 



45 




SiMc2 



50 wherein A is a tower aikyl group, and an aluminoxane. 

However, the polyolefins obtained by the use of these catalysts are still insufficient in the melting point, 
the molecular weight, etc. In this connection, a catalyst containing a compound of the above formula wherein 
A is a phenyl group is disclosed by Hoechst AG. in 40 YEARS ZIEGLER CATALYSIS IN HONOR OF KARL 
ZIEGLER AND WORKSHOP (Sept 1 -3, 1 993). However, there remains a problem that the polyolefins obtained 
55 by the use of this catalyst still have a low melting point and a low molecular weight 

Under these circumstances, the advent of an olefin polymerization catalyst and a process for olefin poly- 
merization, each of which shows a high olefin polymerization activity and produces polyolefins of excellent 
properties, is desired. Further, also desired is the advent of a catalyst component which can be used for such 



3 



EP 0 653 433 A1 



olefin polymerization catalyst and a novel transition metal compound which can be used as the olefin poly- 
merization catalyst component 

OBJECT OF THE INVENTION 

5 

It is an object of the present invention to provide a novel transition metal compound which can be used as 
an olefin polymerization catalyst component showing a high olefin polymerization activity and to provide an 
olefin polymerization catalyst component comprising the transition metal compound. It is another object of the 
invention to provide an olefin polymerization catalyst comprising the olefin polymerization catalyst component 
w and to provide a process for olefin polymerization using the olefin polymerization catalyst. 

SUMMARY OF THE INVENTION 

The novel transition metal compound according to the invention is a transition metal compound represen- 
ts ed by the following formula [I]: 




wherein M is a transition metal of Group IVa, Va or Via of the periodic table, 
30 each R 1 is a hydrocarbon group of 1 to 20 carbon atoms, 

each R 2 is an aryl group of 6 to 16 carbon atoms substituted with a halogenated hydrocarbon group of 
1 to 20 carbon atoms, 

X 1 and X 2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a 
halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing 
35 group, and 

Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group 
of 1 to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent 
tin-containing group, -O-, -CO-, -S-, -SO-, -S0 2 -, -NR 3 -, -P(R 3 )-, -P(0)(R 3 )-, -BR 3 - or -AIR 3 -, where R 3 is a hy- 
drogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon 
40 group of 1 to 20 carbon atoms. 

The olefin polymerization catalyst component according to the invention comprises a transition metal com- 
pound represented by the above formula [I]. 

The first olefin polymerization catalyst according to the invention comprises: 
(A) a transition metal compound represented by the above formula [I]; and 
45 (B) at least one compound selected from the group consisting of: 

(B-1) an organoaluminum oxy-compound, and 

(B-2) a compound which reacts with the transition metal compound (A) to form an ion pair. 
The second olefin polymerization catalyst according to the invention comprises: 
(A) a transition metal compound represented by the above formula [I]; 
so (B) at least one compound selected from the group consisting of (B-1) and (B-2) as defined above; and 

(C) an organoaluminum compound. 

The third olefin polymerization catalyst according to the invention comprises: 

a fine particle carrier, 
(A) a transition metal compound represented by the above formula [I]; and 
55 (B) at least one compound selected from the group consisting of (B-1) and (B-2) as defined above; 

said transition metal compound (A) and said at least one compound (B) being supported on the fine 
particle carrier. 

The fourth olefin polymerization catalyst according to the invention comprises: 
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a solid catalyst component which comprises: 
a fine particle carrier; 

(A) a transition metal compound represented by the above formula [I]; and 

(B) at least one compound selected from the group consisting of (B-1) and (B-2) as defined above; 

5 said transition metal compound (A) and said at least one compound (B) being supported on the fine 

particle carrier; and 

(C) an organoaluminum compound. 

The fifth olefin polymerization catalyst according to the invention comprises: 
a fine particle carrier; 
10 (A) a transition metal compound represented by the above formula [I]; 

(B) at least one compound selected from the group consisting of (B-1) and (B-2) as defined above; and 

an olefin polymer produced by prepolymerization. 
The sixth olefin polymerization catalyst according to the invention comprises: 
a fine particle carrier; 
15 (A) a transition metal compound represented by the above formula [I]; 

(B) at least one compound selected from the group consisting of (B-1) and (B-2) as defined above; 

(C) an organoaluminum compound; and 

an olefin polymer produced by prepolymerization. 
The process for olefin polymerization according to the invention comprises polymerizing or copolymerizing 
20 an olefin in the presence of any one of the first to sixth olefin polymerization catalysts or in the presence of 
the fifth or the sixth olefin polymerization catalyst and an organoaluminum compound. 



BRIEF DESCRIPTION OF THE DRAWING 

25 Fig. 1 is an explanatory view showing steps of a process for preparing an olefin polymerization catalyst 

according to the invention. 



DETAILED DESCRIPTION OF THE INVENTION 

30 The novel transition metal compound, the olefin polymerization catalyst component comprising the tran- 

sition metal compound, the olefin polymerization catalyst comprising the olefin polymerization catalyst com- 
ponent and the process for olefin polymerization using the olefin polymerization catalyst, according to the in- 
vention, will be described in detail hereinafter. 

First, the novel transition metal compound according to the invention is explained. 

35 The novel transition metal compound according to the invention is a transition metal compound represent- 

ed by the following formula [I]. 




In this formula, M is a transition metal of Group IVa, Va or Via of the periodic table. Examples of the tran- 
sition metals include titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum and 
tungsten. Of these, titanium, zirconium and hafnium are preferred, and zirconium is particularly preferred. 

Each R 1 is a hydrocarbon group of 1 to 20 carbon atoms, influding, for example, an alkyl group such as 
55 methyl, ethyl, propyl, butyl, hexyl, cyclohexyl, methylcyclohexyl, octyl, nonyl, dodecyl, icosyl, norbornyl and 
adamantyl; an alkenyl group such as vinyl, propenyl and cyclohexenyl; an arylalkyt group such as benzyl, phe- 
nylethyl and phenylpropyl; and an aryl group such as phenyl, tolyl, dimethylphenyl, trimethylphenyl, ethylphe- 
nyl, propylphenyl, biphenyl, naphthyl, methylnaphthyl, anthracenyl and phenanthryl. 
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Of these, particularly preferred are alkyt groups of 1 to 4 carbon atoms such as methyl, ethyl, propyl and 
butyl. 

The groups R 1 may be the same or different from each other. 

Each R 2 is an aryl group of 6 to 16 carbon atoms substituted with a halogenated hydrocarbon group of 1 
5 to 20 carbon atoms. 

Examples of the aryl groups of 6 to 16 carbon atoms include phenyl, a-naphthyl, 0- naphthyl, anthryi, phe- 
nanthryl, pyrenyl, acenaphthyl, phenalenyl and aceanthryl. Of these, preferred are phenyl and naphthyl. 

These aryl groups are substituted with a halogenated hydrocarbon group wherein the above-mentioned 
hydrocarbon group of 1 to 20 carbon atoms has one or more halogen atoms such as F, CI, Br and I as a sub- 
w stituent 

Examples of the halogenated hydrocarbon groups include fluoromethyl, difluoromethyl, trifluoromethyl, 
chloromethyl, dichloromethyl, trichloromethyl, bromomethyl, dibromomethyl, tribromomethyl, iodomethyl, 
2,2,2-trifluoroethyl, 2,2,1,1-tetrafluoroethyt, pentafluoroethyl, pentachloroethyl, heptafluoropropyl, nonafluor- 
obutyl, tirfluorovinyl, 1,1-difluorobenzyl, 1,1,2,2-tetrafluorophenylethyl, pentafluorophenyl, pentachlorophe- 
15 nyl, heptafluoro-a- naphthyl, heptafluoro-p-naphthyi and 4-trifluoromethyl-a-naphthyL Of these, preferred are 
fluorinated hydrocarbon groups, and particularly preferred are f luorinated alkyl groups of 1 to 3 carbon atoms. 

Examples of the aryl groups of 6 to 16 carbon atoms substituted with halogenated hydrocarbon groups of 
1 to 20 carbon atoms include o- t m- or p-tri fluoromethyl phenyl, o-, m- or p-trichloromethyl phenyl, 2,4-ditrif luor- 
omethylphenyl, 3,5-, 2,6- or 2,5-ditrifluoromethyl phenyl, 2, 4,6-tri-tri fluoromethyl phenyl, 4-trifluoromethyl- 
20 naphthyl, 4-trichloromethyl naphthyl and 2,4-di-trifluoromethylnaphthyl. Of these, preferred are o-, m- or p-tri- 
fluoromethylphenyl and 2,4- or 3, 5-di-trifluoromethyl phenyl. 

The groups R 2 may be the same or different from each other. 

X 1 and X 2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a 
halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing 
25 group, and examples thereof include: 

halogen atoms such as fluorine, chlorine, bromine and iodine; 
hydrocarbon groups of 1 to 20 carbon atoms such as those as described for R 1 ; 
halogenated hydrocarbon groups of 1 to 20 carbon atoms such as those as described for R 2 ; and 
oxygen-containing groups such as a hydroxy! group, an alkoxy group (e.g., methoxy, ethoxy, propoxy, 
30 butoxy), aryloxy group (e.g., phenoxy, methyl phenoxy, di methyl phenoxy, naphthoxy) and an arylalkoxy group 
(e.g., phenylmethoxy, phenylethoxy). 

Examples of the sulfur-containing groups include substituents corresponding to the above-mentioned oxy- 
gen-containing groups wherein oxygen is replaced by sulfur; and further sulfonato groups such as methylsul- 
fonato, trifluoromethanesulfonato, phenylsulfonato, benzyl sulfonate, p-toiuenesulfonato, tri methyl be nzene- 
35 sulfonato, triisobutylbenzenesulfonate, p-chlorobenzenesulfonato and pentafluorobenzenesulfonate; and sul- 
finato groups such as methylsulfinato, phenylsulfonato, benzylsulfinato, p-toluenesulfinato, trimethylbenze- 
nesulf inato and pentaf luorobenzenesulfinato. 

Of these, preferred are halogen atoms and hydrocarbon groups of 1 to 20 carbon atoms. 
Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 
40 1 to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent 
tin-containing group, -O-, -CO-, -S-, -SO-, -S0 2 -, -NR 3 -, -P(R 3 )-, -P(0)(R 3 )-, -BR 3 - or -AIR 3 - where R 3 is a hy- 
drogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon 
group of 1 to 20 carbon atoms; and examples of these groups include: 

divalent hydrocarbon groups of 1 to 20 carbon atoms such as an alkyiene group (e.g., methylene, di- 
45 methylmethylene, 1,2-ethylene, dimethyl-1,2-ethylene, 1,3-trimethylene, 1 ,4-tetramethylene, 1 ,2-cyclohexy- 
lene, 1 ,4-cyclohexylene) and an arylalkylene group (e.g., diphenylmethylene, diphenyl-1 ,2-ethylene); 

divalent halogenated hydrocarbon groups wherein the above-mentioned divalent hydrocarbon groups 
of 1 to 20 carbon atoms are substituted with one or more halogen atoms, such as chloromethyl ene; 

divalent silicon-containing groups such as alkylsilylene, alkylarylsilylene and arylsilylene groups (e.g., 
so methylsilylene, dimethylsilylene, diethylsilylene, di(n-propyl)silylene, di(i-propyt)silylene, di(cyclohexy!)sily- 
lene, methyiphenylsilylene, diphenylsilylene, di(p-tolyl)silylene, di(p-chlorophenyl)sifylene), and alkyldisilyl, al- 
kylaryldisilyl and aryldisilyl groups (e.g., tetramethyl-1,2-disilyl, tetraphenyt-1,2-disilyl); 

divalent germanium-containing groups corresponding to the above-mentioned divalent silicon-contain- 
ing groups wherein silicon is replaced by germanium; and 
55 divalent tin-containing groups correspond ing to the above-mentioned silicon-containing groups wherein 

silicon is replaced by tin. 

R 3 is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, and these halogen atom, hydrocarbon group of 1 to 20 carbon 
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atoms and halogenated hydrocarbon group of 1 to 20 carbon atoms may be those described above, respec- 
tively. 

Of these, preferred as R 3 are divalent silicon-containing groups, divalent germanium-containing groups 

and divalent tin-containing groups. Among them, more preferred are silicon-containing groups, and particularly 

preferred are alkylsilylene, alkylarylsilyiene and arylsilylene. 

Listed below are examples of the transition metal compounds represented by the above formula [I]. 
rac-Dimethylsilyl-bis(2-methyl-4-(p-trifluoromethylphenyl)-1-indenyl)zirconium dichloride, 
rac-Dimethylsilyl-bis(2-methyl-4-(m-trifluoromethyl phenyl)- 1-indenyl)zirconium dichloride, 
rac-Dimethyisilyl-bis(2-methyl-4-(o-trifluoromethylphenyl)-1-indenyl)zirconium dichloride, 
rac-Dimethylsilyl-bis(2-ethyl-4-(p-trifluoromethyl phenyl)- 1-indenyl)zirconium dichloride, 
rac-Dimethyisilyl-bis(2-n-propyl-4-(p-trifluoromethylphenyl)-1-indenyl)zirconium dichloride, 
rac-Dimethylsilyl-bis(2-n-butyl-4-(p-trifluoromethylphenyl)-1-indenyl)zirconium dichloride, 
rac-Dimethylsilyl-bis(2-i-butyl-4-(p-trifluoromethylphenyl)-1-indenyl)zirconium dichloride, 
rac-Dimethylsilyl-bis(2-methyl-4-(2,4-ditrifluoromethylphenyl)-1-indenyl)zirconium dichloride, 
rac-Dimethylsilyl-bis(2-ethyl-4-(2,4-ditrifluoromethyl phenyl)- 1-indenyl)zirconium dichloride, 
rac-Dimethylsilyl-bis(2-methyl-4-(3,5-ditrifluoromethylphenyl)-1-indenyl)zirconium dichloride, 
rac-Dimethyl si lyl-bis(2-ethyl-4-(3,5-ditrifluoromethyl phenyl)- 1-indenyl)zirconium dichloride, 
rac-Dimethylsilyl-bis(2-methyl-4-<2,4,6-tritrifluoromethyl phenyl)- 1-indenyl)zirconium dichloride, 
rac-Dimethylsilyl-bis(2-ethyl-4-(2,4,6-tritrifluoromethyl phenyl)- 1-indenyl)zirconium dichloride, 
rac-Dimethyisilyl-bis(2-ethyl-4-(p-pentafluoroethylphenyl)-1-indenyl)zirconium dichloride, 
rac-Dimethylsilyl-bis(2-methyl-4-(4-trifluoromethyl-a-naphthyl)-1-indenyl)zirconium dichloride, 
rac-Dimethylsilyl-bis(2-ethyl-4-(2,4-ditrifluoromethyl-a-naphthyl)-1-indenyl)zirconium dichloride, 
rac-Phenylmethylsilyl-bis(2-ethyl-4-(p-trif luoromethylphenyl)-1 -indenyl)zirconium dichloride, 
rac-Diphenylsilyl-bis(2-ethyi-4-(p-trifluoromethyl phenyl)- 1-indenyl)zirconium dichloride, 
rac-Methylene-bis(2-ethyl-4-(p-trifluoromethylphenyl)-1-indenyl)zirconium dichloride, 
rac-Ethylene-bis(2-ethyl-4-(p-trifluoromethylphenyl)-1-indenyl)zirconium dichloride, 
rac-Ethylene-bis(2-n-propyl-4-(p-trifluoromethyl phenyl)- 1-indenyl)zirconium dichloride, 
rac-Dimethylgenmyl-bis(2-ethyl-4-(p-trifluoromethyl phenyl)- 1-indenyl)zirconium dichloride, 
rac-Dimethylgermyl-bis(2-n-propyl-4-(p-trifluoromethylphenyl)-1-indenyl)zirconium dichloride, 
rac-Dimethylstannyl-bis(2-ethyl-4-(p-trifluoromethylphenyl)-1-indenyl)zirconium dichloride, 
rac-Dimethylstannyl-bis(2-ethyl-4-(4-trifluoromethyl-a-naphthyl)-1-indenyl)zirconium dichloride, 
rac-Dimethylstannyl-bis(2-n-propyl-4-(p-trifluoromethylphenyl)-1-indenyl)zirconium dichloride, 
rac-Dimethylsilyl-bis(2-methyl-4-(p-trifluoromethylphenyl)-1-indenyl)zirconium dimethyl, 
rac-Dimethylsilyl-bis(2-methyl-4-(p-trifluoromethylphenyl)-1-indenyl)zirconium methylchloride, 
rac-Dimethylsilyl-bis(2-methyl-4-(p-trifluoromethylphenyl)-1-indenyl)zirconium chloride S0 2 Me, 
rac-Dimethylsilyl-bis(2-methyl-4-(p-trifluoromethyl phenyl)- 1-indenyl)zirconium chloride OS0 2 Me, 
rac-Dimethylsilyl-bis(2-methyl-4-(p-trifluoromethylphenyl)-1-indenyl)titanium dichloride, and 
rac-Dimethylsilyl-bis(2-methyl-4-(p-trifluoromethylphenyl)-1-indenyl)hafnium dichloride. 
In the present invention, transition metal compounds corresponding to the above zirconium compound 

wherein zirconium is replaced by titanium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum or 

tungsten, can be also employed. 

These novel transition metal compounds of the invention can be prepared, for example, in accordance with 

Journal of Organometallic Chem. 288 (1985), pp. 64-77, and European Patent Laid-Open Publication No. 

0,320,762, as follows: 
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Z-Y-Z 



2H 2 R" + 2 butyl - Li 



2HR a Li 



HR" - Y - R"H 



2 butyl - Li 



LiR' - Y - R'Li 



MQ 4 




a 



a 



X*Li 



Y 





Y 




wherein Z is CI, Br, I or o-tosyl group, and H 2 R a is 




Vr 



H 



H 



The novel transition metal compound of the invention can be used as an olefin polymerization catalyst com- 
ponent in combination with an organoaluminum oxy-compound, etc. 

The transition metal compound is used in an olefin polymerization catalyst in the form of usually a racemic 
modification, but it can be also used in the form of R configuration or S configuration. 

Next, the olefin polymerization catalyst containing the above-mentioned novel transition metal compound 
as its catalyst component is described. Fig. 1 shows steps of a process for preparing an olefin polymerization 
catalyst of the invention. 

The meaning of the term "polymerization" used herein is not limited to "homopolymerization" but may com- 
prehend "copolymerization". Also, the meaning of the term "polymer" used herein is not limited to "homopoly- 
mer" but may comprehend "copolymer". 

The first and the second olefin polymerization catalysts according to the invention are now explained. 

The first olefin polymerization catalyst of the invention is formed from: 

(A) a transition metal compound represented by the above formula [I] (hereinafter sometimes referred to 
as "component (A)"); and 

(B) at least one compound selected from the group consisting of: 
(B-1) an organoaluminum oxy-compound, and 

(B-2) a compound which reacts with the transition metal compound (A) to form an ion pair. 
The second olefin polymerization catalyst of the invention is formed from: 

(A) a transition metal compound represented by the above formula [I]; 

(B) at least one compound selected from the group consisting of (B-1) and (B-2) as defined above; and 

(C) an organoaluminum compound. 

The organoaluminum oxy-compound (B-1) (hereinafter sometimes referred to as "component (B-1)") used 
for the first and the second olefin polymerization catalysts of the invention may be a conventionally known 
aluminoxane or may be such a benzene-insoluble organoaluminum oxy-compound as described in Japanese 
Patent Laid-Open Publication No. 78687/1990. 

The conventionally known aluminoxane can be prepared, for example, by the following procedures. 

(1) A procedure of adding an organoaluminum compound such as trialkylaluminum to a hydrocarbon me- 
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dium suspension of compounds containing adsorbed water or salts containing water of crystallization, e.g., 
magnesium chloride hydrate, copper sulfate hydrate, aluminum sulfate hydrate, nickel sulfate hydrate and 
cerous chloride hydrate, so as to allow them to react with each other. 

(2) A procedure of allowing water, ice or water vapor to directly act on an organoaluminum compound such 
5 as trialkylaluminum in a medium such as benzene, toluene, ethyl ether or tetrahydrofuran. 

(3) A procedure of causing organotin oxide such as dimethyltin oxide or dibutyltin oxide to react with an 
organoaluminum compound such as trialkylaluminum in a medium such as decane, benzene or toluene. 
The aluminoxane may contain a small amount of an organometallic component. Moreover, it is possible 

that the solvent or the unreacted organoaluminum compound is distilled off from the aluminoxane solution re- 
10 covered and the residue is dissolved again in a solvent. 

Examples of the organoaluminum compounds for use in the preparation of aluminoxane include: 

trialkylaiuminums, such as trimethylaluminum, triethylaluminum, tripropylaluminum, triisopropylalumi- 
num, tri-n-butylaluminum, triisobutylaluminum, tri-sec-butylaluminum, tri-tert-butylaluminum, tripentylalumi- 
num, trihexylaluminum, trioctyl aluminum and tridecylaluminum; 
15 tricycloalkylaluminums, such as tricyclohexylaluminum and tricyclooctylaluminum; 

dialkylaluminum halides, such as dimethylaiuminum chloride, diethylaluminum chloride, diethylalumi- 
num bromide and diisobutylaluminum chloride; 

dialkylaluminum hydrides, such as diethylalumimum hydride and diisobutylaluminum hydride; 
dialkylaluminum alkoxides, such as diethylaluminum methoxide and diethylaluminum ethoxide; and 
20 dialkylaluminum aryloxides, such as diethylaluminum phenoxide. 

Of these, trialkylaiuminums and tricycloalkylaluminums are particularly preferred. 
Also employable as the organoaluminum compound used for preparing aluminoxane is isoprenylaluminum 
represented by the following formula [II]: 

(i-C 4 H 9 ) x Al y (C 5 H 10 ) 2 [II] 
25 wherein x, y and z are each a positive number, and z ^ 2x. 

The organoaluminum compounds mentioned above may be used singly or in combination. 
Examples of the solvents used in the aluminoxane solution include aromatic hydrocarbons such as ben- 
zene, toluene, xylene, cumene and cymene; aliphatic hydrocarbons such as pentane, hexane, heptane, octane, 
decane, dodecane, hexadecane and octadecane; alicyclic hydrocarbons such as cyclopentane, cyclohexane, 
30 cyclooctane and methylcyclopentane; petroleum fractions such as gasoline, kerosine and gas oil; and halides 
of the aromatic, aliphatic and alicyclic hydrocarbons, particularly chlorides and bromides thereof. In addition, 
ethers such as ethyl ether and tetrahydrofuran can be also employed. Of these solvents, aromatic hydrocar- 
bons are particularly preferred. 

The compound (B-2) which reacts with the transition metal compound (A) to form an ion pair (hereinafter 
35 sometimes referred to as "component (B-2)"), that is used for the first and the second olefin polymerization 
catalysts of the invention, includes Lewis acid, ionic compounds, borane compounds and carborane com- 
pounds, as described in National Publications of International Patent No. 501950/1989 and No. 502036/1989, 
Japanese Patent Laid-Open Publications No. 179005/1991, No. 179006/1991, No. 207703/1991 and No. 
207704/1991, and U.S. Patent No. 547718. 
40 The Lewis acid includes Mg-containing Lewis acid, Al-containing Lewis acid and B-containing Lewis acid. 

Of these, B-containing Lewis acid is preferred. 

The Lewis acid which contains a boron atom is, for example, a compound represented by the following 
formula: 

BR 4 R 5 R 8 

45 wherein R 4 , R 5 and R 8 are each independently a phenyl group which may have a substituent such as a fluorine 
atom, a methyl group or a trif luoromethyl group, or a fluorine atom. 

Examples of the compounds represented by the above formula include trifluoroboron, tri phenyl boron, 
tris(4-fluorophenyl)boron, tris(3,5-difluorophenyl) boron, tris(4-f luoromethyl phenyl) boron, tris(pentafluoro- 
phenyl)boron, tris(p-tolyt)boron, tris(o-tolyl)boron and tris(3,5-dimethylphenyl)boron. Of these, particularly 

so preferred is tris(pentafluorophenyl)boron. 

The ionic compound employable in the invention is a salt comprising a cationic compound and an anionic 
compound. The anion reacts with the transition metal compound (A) to render the transition metal compound 
(A) cationic and to form an ion pair, resulting in stabilizing the transition metal cation species. Examples of 
such anion include organoboron compound anion, organoarsenic compound anion and organoaluminum com- 

55 pound anion. Preferred are those relatively bulky and stabilizing the transition metal cation species. Examples 
of cation include metallic cation, organometallic cation, carbonium cation, tripium cation, oxonium cation, sul- 
fonium cation, phosphonium cation and ammonium cation. More specifically, there can be mentioned triphe- 
nylcarbenium cation, tributyiammonium cation, N,N-dimethylammonium cation, ferrocenium cation, etc. 
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Of these, preferred are ionic compounds containing a boron compound as anion, and examples thereof 
include: 

trialkyl-substituted ammonium salts, such as triethylammoniumtetra(phenyl)boron f tripropylammo- 
niumtetra (phenyl) boron, tri(n-butyl)ammoniumtetra(phenyi)boron, tri methyl ammoniumtetra(p-tolyl) boron, tri- 
methylammoniumtetra(o-tolyl)boron t tributylammoniumtetra(pentafluorophenyl)boron, tripropylammoniumte- 
tra(o, p-di methyl phenyt)boron, tributylammoniumtetra(m,m-dimethylphenyl)boron, tributylammoniumtetra(p- 
trifluoromethyl phenyl) boron, tri(n-butyl)ammoniumtetra(o-tolyl)boron and tri(n-butyl)ammoniumtetra(4-fluo- 
rophenyl) boron; 

N,N,-dialkylanilinium salts, such as N,N-dimethylaniliniumtetra(phenyl)boron, N,N-diethylaniliniumte- 
tra(phenyl)boron and N,N-2,4,6-pentamethylaniliniumtetra(phenyl)boron; 

dialkylammonium salts, such as di(n-propyl)ammoniumtetra(pentafluorophenyi)boron and dicyclohex- 
yiammoniumtetra(phenyl) boron; and 

triarylphosphonium salts, such as triphenylphosphoniumtetra(phenyl)boron, tri(methylphenyl)phos- 
phoniumtetra(phenyl)boron and tri(dimethylphenyl)phosphoniumtetra(phenyi)boron. 

Also employable as the ionic compound which contains a boron atom are triphenylcarbeniumtetrakis(pen- 
tafluoropheny1)borate, N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate and ferroceniumtetrakis(pen- 
tafluorophenyl)borate. 

Further, the following compounds can be also employed. (In the ionic compounds enumerated below, the 
counter ion is tri(n-butyl)ammonium, but the counter ion is in no way limited thereto.) 

Salts of anions, for example, bis{tri(n-butyl)ammonium}nonaborate, bis{tri(n-butyl)ammonium}decabor- 
ate, bis{tri(n-butyl)ammonium} undecaborate, bis{tri(n-butyl)ammonium}dodecaborate, bis{tri(n-butyl)ammo- 
nium}decachlorodeca borate, bis(tri(n-butyl)ammonium}dodecachlorododecaborate, tri(n-butyi)ammonium-1 - 
carbadeca borate, tri(n-butyl)ammonium-1-carba undecaborate, tri(n-butyf)ammonium-1-carbadodecaborate, 
tri,(n-butyl)ammonium-1-trimethylsilyl-1-carbadecaborate and tri(n-butyl)ammoniumbromo-1-carbadodeca- 
borate. 

Moreover, borane compounds and carborane compounds can be also employed. These compounds are 
employed as the Lewis acids or the ionic compounds. 

Examples of the borane and carborane compounds include: 

borane and carborane complex compounds and salts of carborane anions, for example, decabor- 
ane(14), 7,8-dicarbaundecaborane(13), 2,7-dicarbaundecaborane(13), undecahydride-7,8-dimethyl-7,8-di- 
carbaundecaborane, dodecahydride-11-methyl-2,7-dicarbaundecaborane, tri(n-butyl)ammonium-6-carbade- 
caborate(14), tri(n-butyl)ammonium-6-carbadecaborate(12), tri(n-buty!)ammonium-7-carbaundecabor- 
ate(1 3), tri(n-butyl)ammonium-7,8-dicarbaundecaborate(1 2), tri(n-butyl)ammonium-2,9-dicarbaundecabor- 
ate(12), tri(n-butyl)ammoniumdodecahydride*8-methyl-7,9-dicarbaundecaborate, tri(n-butyl)ammoniumun- 
decahydride-8-ethyl-7,9-dicarba undecaborate, tri(n-butyl)ammoniumundecahydride-8-butyJ-7,9-dicarbaun- 
decaborate, tri(n*butyl)ammoniumundecahydride-8-allyl-7,9-dicarbaundecaborate, tri(n~butyl)ammoniumun- 
d ecahydride-9-trimethy Is ilyl-7,8-dicarbaundeca borate and tri(n-butyl)ammoniumundecahydride-4,6-dibro- 
mo-7-carbaundecaborate; and 

carborane and salts of carborane, for example, 4-carbanonaborane(14), 1,3-dicarbanonaborane(13), 
6,9-dicarbadecaborane(14), dodecahydride-1-phenyl-1,3-dicarbanonaborane, dodecahydride-1 -methyl- 1,3- 
dicarbanonaborane and undecahydride-1 ,3-dimethyl-1,3-dicarbanonaborane. 

Furthermore, the following compounds can be also employed. (In the ionic compounds enumerated below, 
the counter ion is tri(n-butyl)ammonium, but the counter ion is in no way limited thereto.) 

Salts of metallic carboranes and metallic borane anions, for example, tri(n-butyl)ammoniumbis(nonahydr- 
ide-1,3-dicarbanonaborate)cobaltate(ill), tri(n-butyl)ammoniumbis(undecahydride-7,8-dicarbaundecabor- 
ate)ferrate(lll), tri(n-butyl)ammoniumbis(undecahydride-7,8-dicarbaundecaborate)cobaltate(lll), tri(n-bu- 
tyl)ammoniumbis(undecahydride-7,8-dicarbaundecaborate)nickelate(HI), tri(n-butyl)ammoniumbis(undeca- 
hydride-7,8-dicarbaundecaborate)cuprate(lil), tri(n-butyl)ammoniumbis(undecahydride-7,8-dicarbaundeca- 
borate)aurate(IH), tn'(n-butyl)ammoniumbis(nonahydride-7,8-dimethyl-7,8-dicarbaundecaborate)ferrate(lll) > 
tri(n-butyl)ammoniumbis(nonahydride-7,8-dimethyl-7,8-dicarbaundecaborate)chromate(lll), tri(n- butyl )am- 
moniumbis(tribromooctahydride-7,8-dicarbaundecaborate)cobaltate(lll), tri(n-butyl)ammoniumbis(dodecahy- 
dridedicarbadodecaborate)-cobaltate(lll), bis{tri(n-butyl)ammonium)bis(dodecahydrtdedodecaborate)-nickel- 
ate(lll), tris{tri(n-butyl)ammonium}bis{undecahydride-7-carbaundecaborate)chromate(lll), bis{tri(n- butyl )am- 
monium}bis(undecahydride-7-carbaundecaborate)manganate(IV), bis{tri(n-butyl)ammonium}bis(undecahydr- 
ide-7-carbaundecaborate)cobaltate(lll) and bis{tri(n-butyl)ammonium}bis(undecahydride-7-carbaundecabor- 
ate)nickelate(IV). 

The compound (B-2) which reacts with the transition metal compound (A) to form an ion pair can be used 
in combination of two or more kinds. 
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The organoaluminum compound (C) (hereinafter sometimes referred to as "component (C)") used for the 
second olefin polymerization catalyst of the invention is, for example, an organoaluminum compound repre- 
sented by the following formula [III]: 

R 7 nAIX3. n [III] 

wherein R 7 is a hydrocarbon group of 1 to 12 carbon atoms, X is a halogen atom or a hydrogen atom, and n is 
1 to 3. 

Examples of the hydrocarbon groups of 1 to 12 carbon atoms include an alkyl group, a cycloalkyl group 
and an aryl group, more specifically, methyl, ethyl, n-propyl, isopropyl, isobutyl, pentyl, hexyl, octyl, cyclopen- 
tyl, cyclohexyl, phenyl, tolyl, etc. 

Examples of such organoaluminum compounds (C) include: 

trialkylaluminums, such as trimethylaluminum, triethylaluminum, triisopropylaluminum, triisobutylalumi- 
num, trioctyialuminum and tri(2-ethylhexyl)aluminum; 
alkenylaluminums, such as isoprenylaluminum; 

dialkylaluminum halides, such as dimethylaluminum chloride, diethylaluminum chloride, diisopropylalu- 
minum chloride, diisobutylaluminum chloride and dimethylaluminum bromide; 

alkylaluminum sesquihalides, such as methylaluminum sesquichloride, ethylaluminum sesquichloride, 
isopropyialuminum sesquichloride, butylaluminum sesquichloride and ethylaluminum sesquibromide; 

alkylaluminum dihalides, such as methylaluminum dichloride, ethylaluminum dichloride, isopropyialumi- 
num dichloride and ethylaluminum dibromide; and 

alkylaluminum hydrides, such as diethylaluminum hydride and diisobutylaluminum hydride. 
Also employable as the organoaluminum compound (C) is a compound represented by the following for- 
mula [IV]: 

R 7 nAIL3. n [IV] 
wherein R 7 is the hydrocarbon group as described above; 

L is -OR 8 group, -OSiR 9 3 group, -OAIR 10 2 group, -NR 11 2 group, -SiR 12 3 group or -N(R 13 )AIR 14 2 group; 
n is 1 or 2; R 8 , R 9 , R 10 and R 14 are each methyl, ethyl, isopropyl, isobutyl, cyclohexyl, phenyl or the like; 
R 11 is hydrogen, methyl, ethyl, isopropyl, phenyl, tri methyls ilyl or the like; and 
R 12 and R 13 are each methyl, ethyl or the like. 
Examples of such organoaluminum compounds include: 

(1) compounds of the formula R 7 n AI(OR 8 ) a _ nt for example, dimethylaluminum methoxide, diethylaluminum 
ethoxide and diisobutylaluminum methoxide; 

(2) compounds of the formula R 7 nAI(OSiR 9 3 )3_ n , for example, Et 2 AI(OSiMe 3 ), (iso-Bu)2AJ(OSiMe 3 ) and (iso- 
Bu) 2 AI(OSiEt 3 ); 

(3) compounds of the formula R^tOAIR 10 ^^, for example, Et^lOAIEfe and (iso-Bu) 2 AIOAI(iso-Bu) 2 ; 

(4) compounds of the formula R 7 n AI(NR 11 2 )3_ „. for example, Me 2 AINEt 2 , Et 2 AINHMe, Me 2 AINHEt, Et 2 AIN- 
(SiMe 3 ) 2 and (iso-Bu) 2 AIN(SiMe 3 ) 2 ; 

(5) compounds of the formula R 7 n AI(SiR 12 3 ) 3 . n , for example, (iso-Bu) 2 AISiMe 3 ; and 

(6) compounds of the formula R 7 n AI(N(R 13 )AIR 14 2 ) 3 . n , for example, Et 2 AIN(Me)AIEt 2 and (iso- 
Bu) 2 AJN(Et)AI(iso-Bu) 2 . 

Among the organoaluminum compounds represented by the formulas [111] and [IV], preferred are com- 
pounds of the formulas RVU, R 7 n AI(OR 8 )3_ n and R 7 n AI(OAIR 10 2 ) 3 . n , and particularly preferred are compounds 
of those formulas wherein R is an isoalkyl group and n is 2. 

In the present invention, in addition to the components (A), (B-1), (B-2) and (C), water may be used as a 
catalyst component. For example, there can be employed water dissolved in a polymerization solvent which 
will be described later, and adsorbed water or water of crystallization contained in compounds or salts used 
for preparing the component (B-1). 

The first olefin polymerization catalyst according to the invention can be prepared by mixing the component 
(A) and the component (B-1) (or the component (B-2)), and if desired, water as a catalyst component, in an 
inert hydrocarbon solvent or an olefin solvent. 

In this case, there is no specific limitation on the order of mixing each components, but it is preferred that 
the component (B-1) (or the component (B-2)) is mixed with water, followed by mixing with the component (A). 

The second olefin polymerization catalyst according to the invention can be prepared by mixing the com- 
ponent (A), the component (B-1) (or the component (B-2)) and the component (C), and if desired, water as a 
catalyst component, in an inert hydrocarbon solvent or an olefin solvent. 

In this case, there is also no specific limitation on the order of mixing each components. However, when 
the component (B-1) is used, it is preferred that the component (B-1) is mixed with the component (C), followed 
by mixing with the component (A). When the component (B-2) is used, it is preferred that the component (C) 
is mixed with the component (A), followed by mixing with the component (B-2). 



11 



EP 0 653 433 A1 



In the mixing of each components, an atomic ratio (Al/transition metal) of aluminum in the component (B- 
1) to the transition metal in the component (A) is in the range of usually 10 to 10,000, preferably 20 to 5,000; 
and a concentration of the component (A) is in the range of about 10- 8 to 10- 1 mol/liter-solvent, preferably 10~ 7 
to 5 x 10-2 mol/liter-solvent. 

5 When the component (B-2) is used, a molar ratio (component (A)/component (B-2)) of the component (A) 

to the component (B-2) is in the range of usually 0.01 to 10, preferably 0.1 to 5; and a concentration of the 
component (A) is in the range of about 1 0-* to 1 CM mol/liter-solvent, preferably 1 0- 7 to 5 x 1 0- 2 mol/liter-solvent. 

In the second olefin polymerization catalyst of the invention, an atomic ratio (A1 c /AIb-i) of the aluminum 
atom (Al c ) in the component (C) to the aluminum atom (Al^ ,) in the component (B-1) is in the range of usually 
10 0.02 to 20, preferably 0.2 to 1 0. 

When water is used as a catalyst component, a molar ratio (AI&. i/H 2 0) of the aluminum atom (AIb_ in the 
component (B-1) to the water (H 2 0) is in the range of 0.5 to 50, preferably 1 to 40. 

Each of the above-mentioned components may be mixed in a polymerization reactor, or a mixture of those 
components previously prepared may be fed to a polymerization reactor. 
15 If the components are previously mixed, the mixing temperature is in the range of usually -50 to 150 °C, 

preferably -20 to 1 20 °C, and the contact time is in the range of 1 to 1 ,000 minutes, preferably 5 to 600 minutes. 
The mixing temperature may be varied while the components are mixed and contacted with each other. 

Examples of the inert hydrocarbon solvents for use in the preparation of the olefin polymerization catalysts 
of the invention include: 

20 aliphatic hydrocarbons, such as propane, butane, pentane, hexane, heptane, octane, decane, dodecane 

and kerosine; 

alicyclic hydrocarbons, such as cyclopentane, cyclohexane and methyl cyclopentane; 
aromatic hydrocarbons, such as benzene, toluene and xylene; 

halogenated hydrocarbons, such as ethylene chloride, chlorobenzene and dichloromethane; and 
25 mixtures of the above hydrocarbons. 

Next, the third and the fourth olefin polymerization catalysts according to the invention are explained. 
The third olefin polymerization catalyst of the invention comprises: 

a fine particle carrier; 
(A) a transition metal compound represented by the above formula [I]; and 
30 (B) at least one compound selected from the group consisting of (B-1) and (B-2) as defined above; 

said transition metal compound (A) and said at least one compound (B) being supported on the fine 
particle carrier. 

The fourth olefin polymerization catalyst of the invention is formed from: 
a solid catalyst component which comprises: 
35 a fine particle carrier, 

(A) a transition metal compound represented by the above formula [I], and 

(B) at least one compound selected from the group consisting of (B-1 ) and (B-2) as defined above; 

said transition metal compound (A) and said at least one compound (B) being supported on 
the fine particle carrier; and 
40 (C) an organoaluminum compound. 

The transition metal compound (A) for use in the third and the fourth olefin polymerization catalysts of the 
invention is identical with the component (A) used for the aforesaid first and second olefin polymerization cat- 
alysts, and is a transition metal compound represented by the above formula [I]. 

Examples of the organoaluminum oxy-compounds (B-1) for use in the third and the fourth olefin polymer- 
45 ization catalysts of the invention are identical with those of the component (B-1) used for the aforesaid first 
and second olefin polymerization catalysts. 

Examples of the compounds (B-2) which react with the transition metal compound (A) to form an ion pair 
and used for the third and the fourth olefin polymerization catalysts of the invention are identical with those 
of the component (B-2) used for the aforesaid first and second olefin polymerization catalysts. 
so Examples of the organoaluminum compounds (C) for use in the fourth olefin polymerization catalyst of the 

invention are identical with those of the component (C) used for the aforesaid second olefin polymerization 
catalyst. 

The fine particle carrier used for the third and the fourth olefin polymerization catalysts of the invention 
is an inorganic or organic compound, and is a particulate or granular solid having a particle diameter of 10 to 
55 300 urn, preferably 20 to 200 urn. 

The inorganic carrier is preferably a porous oxide, and examples thereof include Si0 2 , Al 2 0 3 , MgO, Zr0 2 , 
Ti0 2 . B 2 0 3 , CaO, ZnO, BaO, Th0 2 and mixtures thereof such as SiO^MgO, Si0 2 -Al 2 0 3 , SiO^TiO^ SiO^V^, 
SiO^C^Oa and Si0 2 -Ti0 2 -MgO. Of these, preferred is a carrier containing Si0 2 and/or Al 2 0 3 . 
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The above-mentioned inorganic oxides may contain carbonates, sulfates, nitrates and oxides, e.g., 
Na 2 C0 3 , K 2 C0 3 , CaC0 3 , MgC0 3 , Na 2 S0 4 , AI 2 (S0 4 ) 3 , BaS0 4 , KN0 3 , Mg(N0 3 ) 2 , AI(N0 3 ) 3 , Na 2 O f K 2 Oand Li 2 0, 
in a small amount 

The properties of the fine particle carrier vary depending on the type and the process for the preparation 
5 thereof, but preferably used in the invention is a carrier having a specific surface area of 50 to 1,000 m 2 /g, 
preferably 100 to 700 m 2 /g, and a pore volume of 0.3 to 2.5 cnrvVg. The fine particle carrier may be used after 
calcined at a temperature of 100 to 1,000 °C, preferably 150 to 700 °C, if desired. 

Also employable as the fine particle carrier in the invention is a granular or particulate solid of an organic 
compound having a particle diameter of 10 to 300 um Examples of such organic compounds include (co)poly- 
10 mers produced mainly from a-olefins of 2 to 14 carbon atoms such as ethylene, propylene, 1-butene and 4- 
methyM-pentene, and (co)polymers produced mainly from vinylcyclohexane or styrene. 

The fine particle carrier may contain a surface hydroxyl group or water. In this case, the surface hydroxyl 
group is contained in an amount of not less than 1 .0 % by weight, preferably 1.5 to 4.0 % by weight, more pre- 
ferably 2.0 to 3.5 % by weight; and water is contained in an amount of not less than 1 .0 % by weight preferably 
15 1.2 to 20 % by weight, more preferably 1.4 to 15 % by weight The term "water contained in the fine particle 
031x161* means "water which is adsorbed on the surface of the fine particle carrier". 

The amount (% by weight) of the adsorbed water and the amount (% by weight) of the surface hydroxyl 
group in the fine particle carrier can be determined in the following manner. 

20 Amount of adsorbed water 

The weight reduction of the fine particle carrier after drying at 200 °C under atmospheric pressure for 4 
hours in a stream of nitrogen is taken as the amount of the adsorbed water. 

25 Amount of surface hydroxyl group 

The weight of the fine particle carrier after drying at 200 °C under atmospheric pressure for 4 hours in a 
stream of nitrogen is taken as X (g). The carrier is calcined at 1 ,000 °C for 20 hours to obtain a calcined product 
containing no surface hydroxyl group. The weight of the calcined product thus obtained is taken as Y (g). The 
30 amount of the surface hydroxyl group is calculated by the following equation: 
Amount (wt.%) of surface hydroxyl group = {(X-Y)/X} x 100 
If a fine particle carrier containing the adsorbed water or the surface hydroxyl group in the specific amount 
is used, an olefin polymerization catalyst capable of producing an olefin polymer of excellent particle properties 
with high polymerization activity can be obtained. 
35 In the third and the fourth olefin polymerization catalysts of the invention, such water as described for the 

first and the second olefin polymerization catalysts may be used as a catalyst component. 

The third olefin polymerization catalyst of the invention (i.e., solid catalyst component) can be prepared 
by mixing the fine particle carrier, the component (A) and the component (B-1) (or the component (B-2)), and 
if desired, water, in an inert hydrocarbon solvent or an olefin medium. In the mixing of each components, the 
40 component (C) can be further added. 

There is no specific limitation on the order of mixing these components. 
However, preferred are: 

a process in which the fine particle carrier is mixed and contacted with the component (B-1 ) (or the com- 
ponent (B-2)), and then with the component (A), followed by mixing with water if desired; 
45 a process in which a mixture of the component (B-1) and (or the component (B-2)) and the component 

(A) is mixed and contacted with the fine particle carrier, followed by mixing with water if desired; and 

a process in which the fine particle carrier is mixed and contacted with the component (B-1) (or the com- 
ponent (B-2)) and water, followed by mixing with the component (A). 

In the mixing of each components, the component (A) is used in an amount of usually 10- 6 to 5 x 10~ 3 mol, 
50 preferably 3 x 10r« to 1 0- 3 mol, based on 1 g of the fine particle carrier; and a concentration of the component 
(A) is in the range of about 5x 10" 6 to 2 x 10~ 2 mol/ liter-solvent preferably 1Ch 5 to 10~ 2 mol/liter-solvent. An 
atomic ratio (Al/transition metal) of aluminum in the component (B-1) to the transition metal in the component 
(A) is in the range of usually 10 to 3,000, preferably 20 to 2,000. When the component (B-2) is used, a molar 
ratio (component (A)/component (B-2)) of the component (A) to the component (B-2) is in the range of usually 
55 0.01 to 10, preferably 0.1 to 5. 

When water is used as a catalyst component, a molar ratio (Ale- i/H 2 0) of the aluminum atom (AJb- 1) in the 
component (B-1) to the water (H 2 0) is in the range of 0.5 to 50, preferably 1 to 40. 

In the mixing of each components, the temperature is in the range of usually -50 to 150 °C, preferably -20 to 
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120 °C; and the contact time is in the range of 1 to 1,000 minutes, preferably 5 to 600 minutes. The mixing 
temperature may be varied while the components are mixed and contacted with each other. 

The fourth olefin polymerization catalyst of the invention is formed from the above-mentioned third olefin 
polymerization catalyst (solid catalyst component) and the organoaluminum compound (C). The component 
5 (C) is used in an amount of not more than 500 mol, preferably 5 to 200 mol, based on 1 gatom of the transition 
metal atom in the component (A) . 

Examples of the inert hydrocarbon media employable for preparing the third and the fourth olefin polymer- 
ization catalysts of the invention are identical with those used for the first and the second olefin polymerization 
catalysts. 

10 Next, the fifth and the sixth olefin polymerization catalysts according to the invention are explained. 

The fifth olefin polymerization catalyst of the invention is formed from: 
a fine particle carrier, 

(A) a transition metal compound represented by the above formula [I]; 

(B) at least one compound selected from the group consisting of (B-1) and (B-2) as defined above; and 
15 an olefin polymer produced by prepolymerization. 

The sixth olefin polymerization catalyst of the invention is formed from: 
a fine particle carrier; 

(A) a transition metal compound represented by the above formula [I]; 

(B) at least one compound selected from the group consisting of (B-1) and (B-2) as defined above; 
20 (C) an organoaluminum compound; and 

an olefin polymer produced by prepolymerization. 
Examples of the fine particle carrier for use in the fifth and the sixth olefin polymerization catalysts of the 
invention are identical with those used for the aforesaid third and fourth olefin polymerization catalysts. 
The transition metal compound (A) for use in the fifth and the sixth olefin polymerization catalysts of the 
25 invention is identical with the component (A) used for the aforesaid first and second olefin polymerization cat- 
alysts, and is a transition metal compound represented by the above formula [I]. 

Examples of the organoaluminum oxy-compounds (B-1) for use in the fifth and the sixth olefin polymeri- 
zation catalysts of the invention are identical with those of the component (B-1) used for the aforesaid first 
and second olefin polymerization catalysts. 
30 Examples of the compounds (B-2) which react with the transition metal compound (A) to form an ion pair 

and used for the fifth and the sixth olefin polymerization catalysts of the invention are identical with those of 
the component (B-2) used for the aforesaid first and second olefin polymerization catalysts. 

Examples of the organoaluminum compounds (C) for use in the sixth olefin polymerization catalyst of the 
invention are identical with those of the component (C) used for the aforesaid second olefin polymerization 
35 catalyst. 

In the fifth and the sixth olefin polymerization catalysts of the invention, such water as described in the 
first and second olefin polymerization catalysts may be used as a catalyst component. 

The fifth olefin polymerization catalyst of the invention can be prepared by prepolymerizing a small amount 
of an olefin in the presense of a solid catalyst component which is obtained by mixing the fine particle carrier, 
40 the component (A) and the component (B-1) (or the component (b-2)), and if desired, water, in an inert hydro- 
carbon medium. In the mixing of those components, the component (C) can be further added. 

There is no specific limitation on the order of mixing each components. 

However, preferred are: 

a process in which the fine particle carrier is mixed and contacted with the component (B-1 ) (or the com- 
45 ponent (B-2)), and then with the component (A), followed by mixing with water if desired; 

a process in which a mixture of the component (B-1) and (or the component (B-2)) and the component 
(A) is mixed and contacted with the fine particle carrier, followed by mixing with water if desired; and 

a process in which the fine particle carrier is mixed and contacted with the component (B-1 ) (or the com- 
ponent (B-2)) and water, followed by mixing with the component (A). 
so The mixing of those components is desirably carried out with stirring. 

In the mixing of each components, the component (A) is used in an amount of usually 10 -6 to 5 x 10- 3 mol, 
preferably 3 x 10 6 to 10-3 mol, based on 1 g of the fine particle carrier; and a concentration of the component 
(A) is in the range of about 5 x 10- 6 to 2 x 10~ 2 mol/ liter-solvent, preferably 10~ 5 to 10- 2 mol/ liter-solvent. An 
atomic ratio (Al/transition metal) of aluminum in the component (B-1 ) to the transition metal in the component 
55 (A) is in the range of usually 10 to 3,000, preferably 20 to 2,000. When the component (B-2) is used, a molar 
ratio (component (A)/component (B-2)) of the component (A) to the component (B-2) is in the range of usually 
0.01 to 10, preferably 0.1 to 5. 

When water is used as a catalyst component, a molar ratio (AIb_ JH 2 0) of the aluminum atom (Ale- 1) in the 
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component (B-1) to the water (H 2 0) is in the range of 0.5 to 50, preferably 1 to 40. 

In the mixing of the components, the temperature is in the range of usually -50 to 150 °C, preferably -20 
to 120 °C; and the contact time is in the range of 1 to 1,000 minutes, preferably 5 to 600 minutes. The mixing 
temperature may be varied while the components are mixed and contacted with each other. 
5 The fifth olefin polymerization catalyst of the invention can be prepared by prepolymerizing an olefin in 

the presence of each of the above-mentioned components. The prepolymerization can be carried out by in- 
troducing an olefin into an inert hydrocarbon solvent in the presence of the above components and if necessary 
the component (C). 

In the prepolymerization, the component (A) is used in an amount of usually 10 -6 to 2 x 10r 2 mol/liter-sol- 
10 vent, preferably 5 x 10- 5 to 1f> 2 mol/liter-solvent. The prepolymerization temperature is in the range of -20 to 
80 °C, preferably 0 to 50 °C, and the prepolymerization time is in the range of 0.5 to 100 hours, preferably 1 
to 50 hours. 

The olefin for use in the prepolymerization is selected from olefins which are used for polymerization, and 
it is preferably the same monomer as used in the polymerization or a mixture of the same monomer as used 
15 in the polymerization and an a-olefin. 

In the olefin polymerization catalyst of the invention obtained as above, the transition metal atom is de- 
sirably supported in an amount of about 10- 6 to 10" 3 g-atom, preferably 2x 10- 6 to 3 x 10-* g-atom, based on 
1 g of the fine particle carrier, and the aluminum atom is desirably supported in an amount of about 10- 3 to 
10~ 1 g-atom, preferably 2 x 10~ 3 to 5 x 10- 2 g-atom, based on 1 g of the fine particle carrier. Further, the com- 
20 ponent (B-2) is desirably supported in an amount of 10r 7 to 0.1 g-atom, preferably 2 x 10r 7 to 3 x 10r 2 g-atom, 
in terms of boron atom derived from the component (B-2). 

The amount of the polymer produced through the prepolymerization is desired to be in the range of about 
0.1 to 500 g, preferably 0.3 to 300 g, particularly preferably 1 to 100 g, based on 1 g of the fine particle carrier. 
The sixth olefin polymerization catalyst of the invention is formed from the above-mentioned fifth olefin 
25 polymerization catalyst (component) and the organoaluminum compound (C). It is desired that the organoalu- 
minum compound (C) is used in an amount of not more than 500 mol, preferably 5 to 200 mol, based on 1 g-atom 
of the transition metal atom in the component (A). 

Examples of the inert hydrocarbon media employable for preparing the fifth and the sixth olefin polymer- 
ization catalysts of the invention are identical with those used for the first and the second olefin polymerization 
30 catalysts. 

The first to the sixth olefin polymerization catalysts according to the invention may further contain other 
components than the components described above, which are useful for the olefin polymerization. 

By the use of the olefin polymerization catalysts of the invention as described above, polyolefins having 
a high melting point and a high molecular weight can be obtained with high polymerization activity. Moreover, 
35 the thus obtained polyolefins have a narrow molecular weight distribution and a narrow composition distribu- 
tion. 

Next, the process for olefin polymerization according to the invention is described. 

In the present invention, polymerization of an olefin is performed in the presence of any one of the above- 
mentioned olefin polymerization catalysts. The polymerization may be carried out by either a liquid phase poly- 
40 merization process such as a suspension polymerization process, or a gas phase polymerization process. 

In the liquid phase polymerization process, the same inert hydrocarbon solvent as used for the preparation 
of the above catalysts can be employed, or the olefin itself can be also employed as a solvent. 

In the polymerization of an olefin using the first or the second olefin polymerization catalyst, the catalyst 
is used in an amount of usually 10 8 to lO^g atom/liter, preferably 10~ 7 to 1f>* g-atom/liter, in terms of a con- 
45 centration of the transition metal atom derived from the component (A) in the polymerization system. 

In the polymerization of an olefin using the third or the fourth olefin polymerization catalyst, the catalyst 
is used in an amount of usually 10- 8 to 10- 3 g-atom/liter, preferably 10~ 7 to 10- 4 g-atom/liter, in terms of a con- 
centration of the transition metal atom derived from the component (A) in the polymerization system. In this 
case, an organoaluminum oxy-compound which is not supported on the carrier may be used, in addition to the 
so organoaluminum oxy-compound (component (B-1)) supported on the carrier. 

In the polymerization of an olefin using the olefin polymerization catalyst obtained by prepolymerizing an 
olefin, as in the fifth or the sixth olefin polymerization catalyst, the catalyst is used in an amount of usually 
10-8 to 10- 3 g-atom/liter, preferably 10- 7 to 10-* g-atom/liter, in terms of a concentration of the transition metal 
atom derived from the component (A) in the polymerization system. In this case, an organoaluminum oxy-com- 
55 pound which is not supported on the carrier may be used, in addition to the organoaluminum oxy-compound 
(component (B-1)) supported on the carrier. 

In the slurry polymerization process, the temperature for the olefin polymerization is in the range of usually 
-50 to 100 °C, preferably 0 to 90 °C. In the liquid phase polymerization process, the temperature is in the range 
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of usually 0 to 250 °C, preferably 20 to 200 °C. In the gas phase polymerization process, the temperature is 
in the range of 0 to 120 °C, preferably 20 to 100 °C. The polymerization pressure is in the range of usually 
atmospheric pressure to 100 kg/cm 2 , preferably atmospheric pressure to 50 kg/cm 2 . The polymerization reac- 
tion can be carried out either batchwise, semicontinuously or continuously. Further, the polymerization may 
5 be performed in two or more stages under different reaction conditions. 

The molecular weight of the resulting olefin polymer can be regulated by the use of hydrogen in the poly- 
merization system or by varying the polymerization temperature. 

Examples of the olefins to be polymerized using the olefin polymerization catalysts of the invention include: 
ethylene; 

10 a-olefins of 3 to 20 carbon atoms, such as propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-1 -pen- 

tene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene and 1-eicosene; and 

cycloolefins of 3 to 20 carbon atoms, such as cyclopentene, cycloheptene, norbornene, 5-methyl-2-nor- 
bornene, tetracyclododecene and 2-methyl-1 ,4,5,8-dimethano-1,2,3 f 4,4a,5,8,8a-octahydronaphthalene. Also 
employable are styrene, vinylcyclohexane, diene, etc. 

15 

EFFECT OF THE INVENTION 

The novel transition metal compound according to the invention can be used as an olefin polymerization 
catalyst component. 

20 By the use of the olefin polymerization catalysts according to the invention, polyolefins having a high melt- 

ing point, a high molecular weight, a narrow molecular weight distribution and a narrow composition distribution 
can be prepared with high polymerization activity. 

EXAMPLE 

25 

The present invention is further described with reference to the following examples, but it should be con- 
strued that the invention is in no way limited to those examples. 

In the present invention, an intrinsic viscosity fa], a molecular weight distribution (Mw/Mn) and a melting 
point (Tm) are determined as follows. 

30 

Intrinsic viscosity fa] 

The intrinsic viscosity fa] was measured in decalin at 135 °C, and expressed by dl/g. 

35 Molecular weight distribution (Mw/Mn) 

The molecular weight distribution (Mw/Mn) was measured in the following manner using GPC-150C pro- 
duced by Milipore Co. 

A separatory column of TSK-GNH-HT having a diameter of 72 mm and a length of 600 mm was used, and 
40 the column temperature was set to 140 °C. A sample (concentration: 0.1 % by weight, amount: 500 microliters) 
was moved in the column at a rate of 1 .0 ml/min using o-dichlorobenzene (available from Wako Junyaku Kogyo 
K.K.) as a mobile phase and 0.025 % by weight of BHT (Takeda Chemical Industries, Ltd.) as an antioxidant. 
A differential ref ractometer was used as a detector. With respect to standard polystyrenes, polystyrenes avail- 
able from Toso Co., Ltd. were used as those of Mw < 1 ,000 and Mw > 4 x 1 0 e , and polystyrenes available from 
45 Pressure Chemical Co. were used as those of 1,000 < Mw < 4 x 10 6 . 

Melting point (Tm) 

The melting point was sought from an endothermic curve given by heating about 5 mg of a sample charged 
50 in an aluminum pan to 200 °C at a rate of 10 °C/min, keeping it at 200 °C for 5 minutes, then cooling it to room 
temperature at a rate of 20 °C/min and heating it at a rate of 10 °C/min. The measurement was made using a 
DSC-7 type measuring device produced by Perkin Elmer Co. 

Example 1 

55 

[Synthesis of rac-dimethylsilyl-bis(2-methyl-4-(p-trifluoromethylphenyl)-1-indenyl)zirconium dichloride] 
The synthesis route is described below. 
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CF 3 CF 3 




O OH 
(compound (7) ) (compound ( 8) ) (compound (9) ) 




(compound (10) ) (compound (11) ) 

rac-dimethylsilyl-bis (2-methyl-4-p- (trif luoromethylphenyl ) - 
1-indenyl) zirconium dichloride 
(compound (12) ) 



[Synthesis of the compound (2)] 

A 500-ml reactor thoroughly purged with nitrogen was charged with 150 ml of diethyl ether and 75 g (0.33 
mol) of the compound (1 ), and to the reactor was further added 240 mg (0.33 mmo!) of PdCl 2 (dppf). With stirring 
of the resulting mixture under ice cooling, 155 ml (0.33 mol) of a diethyl ether solution of a Grignard reagent 
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prepared from o-bromobenzene and Mg was dropwise added to the mixture over a period of 30 minutes. 

After the reaction was continued for 12 hours, the reaction solution was poured into a saturated ammonium 
chloride solution. Then, the ether phase was separated, washed with water and dried on anhydrous magnesium 
sulfate. Further, the ether was distilled off, and the residue was purified by means of silica gel chromatography 
5 (solvent: n-hexane). The resulting hexane solution was concentrated to obtain 71.0 g of an yellow oil (com- 
pound (2)) (yield: 92 %, GC purity: 97 %). The NMR of the obtained product (compound (2)) is set forth in Table 
1. The NMR was measured in CDCI 3 at room temperature. 

[Synthesis of the compound (3)] 

10 

A 1-liter four-necked flask was charged with 74.27 g (0.314 mol) of the compound (2), 58.74 g (0.330 mol) 
of N-bromosuccinimide and 500 ml of CCI 4 . With stirring of the resulting mixture, 0.73 g (0.003 mol) of benzoyl 
peroxide was further added thereto, and the mixture was ref luxed at a bath temperature of 85 °C for 5 hours. 

After the mixture was allowed to stand for cooling, a powder produced was filtered by Kiriyama funnel. 
15 Then, the solvent was distilled off from the filtrate to obtain 103.35 g of an yellow-white powder (compound 
(3)) (yield: 100 %, GC purity: 87 %). The NMR of the obtained product (compound (3)) is set forth in Table 1. 

[Synthesis of the compound (4)] 

20 A 1-1 iter four-necked flask was charged with 39.16 g (0.349 mol) of potassium t-butoxide, 400 ml of toluene 

and 33.5 ml (0.349 mol) of N-methyl pyrrol idone. With stirring of the resulting mixture under ice cooling, a sol- 
ution obtained by dissolving 55.22 g (0.317 mol) of diethyl methylmalonate in 50 ml of toluene was dropwise 
added to the mixture over a period of 40 minutes (reaction temperature: 5 to 10 °C). After the addition was 
completed, the resulting mixture was stirred at 45 °C for 30 minutes, and further stirred at 65 °C for 1 hour. 

25 Then, a solution obtained by dissolving 100 g (0.317 mol) of the compound (3) in 50 ml of toluene was dropwise 
added over a period of 30 minutes under ice cooling (reaction temperature: 5 to 15 °C). The reaction mixture 
was stirred at room temperature for 30 minutes, and further stirred at 65 °C for 1.5 hours. Then, the reaction 
mixture was poured into 500 ml of water and adjusted to pH of about 1 using a 10 % sulfuric acid. 

Subsequently, the organic phase was separated, and the aqueous phase was extracted five times with 

30 1 00 ml of toluene. The combined organic phases were washed four times with 200 ml of a saturated sodium 
chloride aqueous solution, and dried on MgS0 4 . The solvent was distilled off to obtain 134.40 g of an yellow- 
brown liquid (compound (4)) (yield: 100 %, GC purity: 90 %). 

[Synthesis of the compound (5)] 

35 

A 2-liter four-necked flask was charged with 134 g (0.331 mol) of the compound (4), 262 g (3.97 mol) of 
KOH (purity: 85 %) and 1,000 ml of of 80 % methanol, and the resulting mixture was ref luxed for 4 hours. Then, 
the mixture was cooled in an ice bath to produce a white-yellow powder. 

The powder was filtered by Kiriyama funnel, dissolved in 1 liter of water, and adjusted to pH of about 1 
40 using a concentrated sulfuric acid to precipitate a powder, which was filtered by Kiriyama funnel and transferred 
into a 1-liter flask. To the powder in the flask was added 100 ml of ethanol, followed by treatment using an 
evaporator (azeotrope with H 2 Q). Finally, the resulting product was vacuum dried in a desiccator (on P 2 0 5 ) to 
obtain a white-yellow powder (compound (5)) (yield: 72 %). The NMR of the obtained product (compound (5)) 
is set forth in Table 1. 

45 

[Synthesis of the compound (6)] 

A 1 -liter flask was charged with 80 g (0.227 mol) of the compound (5), and the flask was placed in an oil 
bath of 80 °C. Immediately, a gas (CO2) generates, and the powder turns into liquid. After 2 hours, the liquid 
50 was cooled in a water bath, and 300 ml of CH 2 CI 2 was added thereto, followed by sufficient stirring. Then, in- 
soluble substances were removed by the use of Kiriyama funnel. The solvent was removed from the filtrate 
to obtain 63.3 g of an yellow- white semisolid (compound (6)) (yield: 90 %). The NMR of the obtained product 
(compound (6)) is set forth in Table 1. 

55 [Synthesis of the compound (7)] 

A 500-ml flask was charged with 63.3 g (0.205 mol) of the compound (6) and 150 ml of SOCI 2t and the 
resulting mixture was ref luxed for 2 hours. 
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After SOCi 2 was distilled off by means of single distillation, vacuum distillation was performed to obtain 
48.0 g of a light yellow-green transparent liquid (compound (7)) (boiling point 150 to 155 °C/I mmHg, yield: 72 
%) The NMR of the obtained product (compound (7)) is set forth in Table 1 . 

5 [Synthesis of the compound (8)] 

A 1 -liter four-necked flask was charged with 42 g (0. 1 29 mol) of the compound (7) and 500 ml of CH 2 CI 2 , 
and 23 ml (0.258 mol) of trif luoromethanesulfonic acid was dropwise added thereto at -78 °C over a period of 
30 minutes. After the addition was completed, the temperature of the system was elevated to room tempera- 

10 ture, and the resulting mixture was stirred for 1 hour. Then, the mixture was poured into a saturated NaHC0 3 
aqueous solution, extracted four times with 200 ml of CH 2 CI 2 , then washed three times with 200 ml of a satu- 
rated sodium chloride aqueous solution, and dried on MgS0 4 . The solvent was distilled off to obtain 42 g of 
an yellow-white powder, which was subjected to column separation (Si0 2 , Hexane-ethyi acetate) to obtain 
33.72 g of a white powder (compound (8)) (yield: 90 %). The NMR of the obtained product (compound (8)) is 

15 set forth in Table 1 . 

[Synthesis of the compound (9)] 

A 1-liter four-necked flask was charged with 31 .5 g (0.109 mol) of the compound (8) and 500 ml of ethanol. 
20 With stirring of the resulting mixture under ice cooling, 2.06 g of NaBH 4 was added to the mixture over a period 
of 30 minutes by means of a spatula. 

After stirring for 3 hours at room temperature, the reaction solution was poured into 1 50 ml of ice water, 
and ethanol was distilled off using a rotary evaporator. The residue was transferred into a separatory funnel, 
and extracted with 200 ml of ether. The aqueous phase was extracted three times with 100 ml of ether, and 
25 the combined ether phases were dried on MgSO A . The solvent was distilled off to obtain 30.89 g of a light yellow- 
white powder (compound (9)) (yield: 97 %). The NMR of the obtained product (compound (9)) is set forth in 
Table 1. 

[Synthesis of the compound (10)] 

30 

A 1 -liter eggplant-type flask was charged with 25.56 g (0.087 mol) of the compound (9), 8.37 g of parato- 
iuenesulfonic acid monohydrate and 750 ml of benzene, and the mixture was refluxed for 1 hour by means of 
a Dienstark condenser. After cooling, the reaction solution was transferred into a 1 -liter separatory funnel, 
washed five times with 200 ml of a saturated NaHC0 3 aqueous solution, and dried on MgS0 4 . The solvent 
35 was distilled off to obtain 24 g of an yeliow-white powder, which was subjected to column purification (Si0 2 , 
hexane) to obtain 23.32 g of a white-yellow powder (compound (10) (yield: 98 %). The NMR of the obtained 
product (compound (10)) is set forth in Table 1. 

[Synthesis of the compound (11)] 

40 

A 300-ml four-necked flask was charged with 8 g (29.2 mmol) of the compound (10) and 73 mg of CuCN 
and 70 ml of ether, and 18 ml of n-butyllithium (1 .63 mmol/ml-solution) was dropwise added to the mixture over 
a period of 20 minutes at -10°C with stirring. Then, the temperature of the resulting mixture was elevated to 
room temperature, followed by stirring for 30 minutes at 40 °C. Thereafter, the mixture was again cooled to - 
45 1 0 °C, and 1 .77 ml of Me 2 SiCI 2 was added thereto over a period of 1 0 minutes. After stirring at room temperature 
for 2 hours, the reaction solution was poured into a saturated ammonium chloride solution, extracted five times 
with 100 ml of ether, and dried on MgS0 4 . After the solvent was distilled off, the residue was subjected to col- 
umn purification to obtain 7.74 g of a white-yellow powder (compound (11)) (yield: 88 %). The NMR of the ob- 
tained product (compound (11)) is set forth in Table 1. 

50 

[Synthesis of rac-dimethylsilyl-bis(2-methyl-4-(p-trifluoromethylphenylindenyl)zirconium dichloride (com- 
pound (12))] 

A 200-ml three-necked reactor (equipped with a stirrer tip, a condenser, a dropping funnel and a therm- 
55 ometer) was charged with 5.10 g (8.44 mmol) of dimethylsilyl-bis(2-methyl-4-p-trifluoromethylphenylindene) 
(compound (11)) and 100 ml of anhydrous ether in an argon atmosphere, and 10.40 ml (16.9 mmol) of a hexane 
solution of n-butyllithium having a concentration of 1.63 M was dropwise added thereto slowly at room tem- 
perature. After the addition was completed, the resulting mixture was further reacted for 13.5 hours. The re- 
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action solution was cooled to -70 °C in a dry ice-acetone bath, and 1.97 g (8.44 mmol) of a 2rCI 4 powder was 
gradually added thereto. After the addition was completed, the solution was stirred overnight. Then, the solvent 
was distilled off at room temperature under reduced pressure. To the residue was added 100 ml of methylene 
chloride, then insoluble substances were filtered off, and the filtrate was concentrated at room temperature 
to precipitate a solid, which was filtered and then vacuum dried to obtain 0.17 g of an yellow solid (yield: 4 %). 

The product thus obtained was subjected to FD mass spectrometry, with the result of 762 (M + ). 

The NMR of the obtained product (compound (12)) is set forth in Table 1. 



Table 1 


Compound No. 


1 H NMR spectrum (ppm) 


(2) 


2.32(3H,s), 7.2~8.0(8H,m) 


(3) 


4.45(2H,s), 7.1-8.0(8H,m) 


(5) 


1.73(3H,s), 3.92(2H,s), 7.7~8.6(8H,m) 


(6) 


0.88(3H,d,J=6.4Hz), 2.1 ~-3.2(3H,m), 6.8-7.8(8H,m) 


(7) 


1.10(3H,d,J=6.4Hz), 2.5~3.4(3H,m), 7.0~7.9(8H,m) 


(8) 


1.32(3H,d,J=7.2Hz), 7.5-3.0(2H,m), 3.2-3.7(1 H,m), 7.4~8.2(7H,m) 


(9) 


1.15, 1.25(3H,d,J=7.2Hz), 1.5-1.9(1 H,br), 2.0-3.3(3H,m), 4.85, 5.12 (1H,d,J=7.2Hz), 
7.2~8.0(7H,m) 


(10) 


2.20(3H,s), 3.40(2H,s), 6.65(1 H,s), 7.1 ~7.9(7H,m) 


(11) 


-0.20— 0.11(6H,m), 2.1~2.4(6H,m), 3.84(2H,s), 6.85(2H, s), 7.2~8.0(14H,m) 


(12) 


1.30(6H,s), 2.19(6H,s), 6.82(2H,s), 7.08(2H,dd,J=7.0Hz), 7.33(2H,d,J=7.0Hz). 
7.60~~7.70(10H,m) 



Example 2 

A 500-ml glass polymerization reactor thoroughly purged with nitrogen was charged with 400 ml of dried 
toluene. The temperature was elevated to 45 °C, and to the reactor were added 0.2 mmol of triisobutylalumi- 
num, 0.2 mmol of methyialuminoxane and 0.001 mmol (in terms of Zr atom) of rac-dimethylsilyl-bis(2-methyl- 
4-(p-trifluoromethylphenyl)-1-indenyl)zirconium dichloride while introducing propylene, to perform polymeri- 
zation at 50 °C for 1 hour. After the polymerization, propylene was removed by deaeration, and the resulting 
polymer was dried at 80 °C for 1 0 hours. 

The amount of the polymer thus obtained was 73 g, and the polymerization activity was 73 kgPP/mmol- 
Zr. This polymer had fo] of 2.40 dl/g, Mw/Mn of 2.4 and a melting point of 1 57.1 °C. 

Comparative Example 1 

The procedure of Example 2 was repeated except that rac-di methyls ilyl-bis(2-methyl-4-isopropyl in de- 
nyl)zirconium dichloride was used in place of rac-di me thylsilyl-bis(2-methyl-4-(p-trifluoromethyl phenyl)- 1- in- 
denyl)zirconium dichloride, to polymerize propylene. 

The amount of the polymer obtained was 47 g, and the polymerization activity was 47 kgPP/mmol-Zr. This 
polymer had [r\] of 1 .88 dl/g, Mw/Mn of 2.1 and a melting point of 148.7 °C. 

Comparative Example 2 

The procedure of Example 2 was repeated except that rac-di methyls ilyl-bis(2-methyl-4-phenylindenyl)zir- 
conium dichloride was used in place of rac-dimethylsilyl-bis(2-methyl-4-(p-trifluoromethylphenyl)-1-inden- 
yl)zirconium dichloride, to polymerize propylene. 

The amount of the polymer obtained was 59 g, and the polymerization activity was 59 kgPP/mmol-Zr. This 
polymer had [r\] of 1 .56 dl/g, Mw/Mn of 2.0 and a melting point of 155.8 °C. 
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Example 3 

A 500-ml glass polymerization reactor thoroughly purged with nitrogen was charged with 400 ml of dried 
toluene. The temperature was elevated to 45 °C, and to the reactor were added 0.2 mmo! of triethylaluminum, 
5 0.001 mmol (in terms of Zr atom) of rac-dimethylsilyl-bis(2-methyl-4-(p-fluoromethylphenyl)-1-indenyl)zirconi- 
umdichloride and 0.002 mmol (in terms of B atom) of tris(pentafluorophenyl) boron while introducing propylene, 
to perform polymerization at 50 °C for 1 hour. After the polymerization, propylene was removed by deaeration, 
and the resulting polymer was dried at 80 °C for 10 hours. 

The amount of the polymer thus obtained was 70 g, and the polymerization activity was 70 kgPP/mmol- 
10 Zr. This polymer had [r\] of 2.4 dl/g, Mw/Mn of 2.2 and a melting point of 157.1 °C. 

Claims 

15 1. A transition metal compound represented by the following formula [I]: 
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[I] 



wherein M is a transition metal of Group IVa, Va or Via of the periodic table, 
the groups R 1 may be the same or different and 
30 each is a hydrocarbon group of 1 to 20 carbon atoms, 

the groups R 2 may be the same or different and 

each is an aryl group of 6 to 16 carbon atoms substituted with a haiogenated hydrocarbon group 
of 1 to 20 carbon atoms, 

X 1 and X 2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, 
35 a haiogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-con- 

taining group, and 

Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent haiogenated hydrocarbon 
group of 1 to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, 
a divalent tin-containing group, -O-, -CO-, -S-, -SO, «S0 2 -, -NR 3 -, -P(R 3 )-, -P(0)(R 3 )-, -BR 3 - or-A1R 3 - 
40 wherein R 3 is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a haio- 

genated hydrocarbon group of 1 to 20 carbon atoms. 

2. An olefin polymerization catalyst component comprising (A) a transition metal compound as claimed in 
claim 1. 

45 

3. An olefin polymerization catalyst comprising: 

(A) a transition metal compound as claimed in claim 1; and 

(B) at least one compound selected from the group consisting of: 
(B-1) an organoaluminium oxy-compound, and 

50 (B-2) a compound which reacts with the transition metal compound (A) to form an ion pair. 

4. An olefin polymerization catalyst according to claim 3, further comprising: 

a fine particle carrier, wherein said transition metal compound (A) and said at least one compound 
(B) are supported on the fine particle carrier. 

55 5. An olefin polymerization catalyst according to claim 3 or 4, further comprising: 
an olefin polymer produced by prepolymerization. 
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An olefin polymerization catalyst according to claim 3, 4 or 5 further comprising: 
(C) an organoaluminium compound. 

A process for olefin polymerization comprising polymerizing or copolymerizing an olefin in the presence 
of the olefin polymerization catalyst as claimed in any one of claims 3 to 6. 

A process for olefin polymerization comprising polymerizing or copolymerizing an olefin in the presence 
of the olefin polymerization catalyst as claimed in claim 5 and an organoaluminium compound. 
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